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Abstract – The objective of this work was to evaluate the effect of applying N sources to leaves and N rates 
to the soil on the growth, N uptake, and grain and crude protein yields of the common bean (Phaseolus 
vulgaris) crop. Three experiments – two irrigated and one rainfed – were conducted during the 2012/2013 
agricultural season, in a randomized complete block design with four replicates. The treatments consisted of 
the application of: four N rates (0, 45, 90, and 180 kg ha-1) to the soil, as topdressing in the V4 stage; and five 
N sources/rates – i.e., control, without foliar N application; 2.5 kg ha-1 N as conventional urea (N-CU); 5.0 kg 
ha-1 N-CU; 2.5 kg ha-1 N as slow-release urea-formaldehyde (N-SR); and 5.0 kg ha-1 N-SR – to leaves, in the 
R5 stage. Soil N fertilization, using rates between 124 and 180 kg ha-1, increases shoot N content and uptake, 
number of pods per plant, grain yield, and protein content and yield. Regardless of the growing environment 
and N application to the soil, the foliar supply of N as slow-release urea-formaldehyde increases grain and 
protein yields, whereas the greatest rate of N as conventional urea also increases grain yield.
Index terms: Phaseolus vulgaris, foliar fertilization, nitrogen fertilization, slow release, urea-formaldehyde.
Aplicação de nitrogênio via foliar e em cobertura na cultura do feijoeiro comum
Resumo – O objetivo deste trabalho foi avaliar o efeito da aplicação de fontes de N via foliar e de doses de 
N via solo no crescimento, na absorção de N e na produtividade de grãos e de proteína bruta da cultura do 
feijão comum (Phaseolus vulgaris). Foram conduzidos três experimentos – dois em condição irrigada e um 
em sequeiro – no ano agrícola 2012/2013, em delineamento de blocos ao acaso, com quatro repetições. Os 
tratamentos consistiram da aplicação de: quatro doses de N via solo (0, 45, 90 e 180 kg ha-1), em cobertura, 
no estádio V4; e cinco fontes/doses de N via foliar – i.e., testemunha, sem N via foliar; 2,5 kg ha-1 de N na 
forma de ureia convencional (N-UC); 5,0 kg ha-1 de N-UC; 2,5 kg ha-1 de N na forma de ureia-formaldeído de 
liberação lenta (N-LL); e 5,0 kg ha-1 de N-LL –, no estádio R5. A adubação nitrogenada via solo, com doses 
entre 124 e 180 kg ha-1, aumenta o teor e o acúmulo de N na parte aérea, o número de vagens por planta, a 
produtividade de grãos, e o teor e a produtividade de proteína. Independentemente do ambiente de cultivo e 
da aplicação de N via solo, o fornecimento de N na forma de ureia-formaldeído de liberação lenta via foliar 
aumenta a produtividade de grãos e de proteína, enquanto a aplicação da maior dose de N na forma de ureia 
convencional também aumenta a produtividade de grãos.
Termos para indexação: Phaseolus vulgaris, adubação foliar, adubação nitrogenada, liberação lenta, ureia-
formaldeído.
Introduction
Common bean (Phaseolus vulgaris L.) has a great 
importance for agriculture and is a high-protein 
staple food in Brazil. The country is one of the largest 
producers and consumers of bean worldwide (FAO, 
2017), with a production of approximately 2.5 million 
tons of grains on 2.8 million hectares (Conab, 2017).
Nitrogen is the nutrient taken up in the greatest 
amount by the common bean crop (Perez et al., 2013; 
Soratto et al., 2013); therefore, its supply at suitable 
rates and times is fundamental for obtaining a high 
grain yield (Soratto et al., 2011, 2014, 2017; Amaral 
et al., 2016).
The main method of supplying N to common bean 
has been through mineral fertilization applied to the 
soil, partly in the sowing furrow and partly topdressed 
or via an irrigation system. The N rates applied 
to the common bean crop may vary according to 
growing seasons, cropping history, previous crop, soil 
management system, and cultivar (Bordin et al., 2003; 
Soratto et al., 2004; Fornasieri Filho et al., 2007; Maia 
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et al., 2017). Soratto et al. (2004) observed an increase 
in common bean grain yield with the application of up 
to 129 and 182 kg ha-1 topdressing N under conventional 
soil tillage and a newly established no-tillage system, 
respectively. Kaneko et al. (2010) and Soratto et al. 
(2017) obtained increases in common bean grain yield 
with the application of up to 180 kg ha-1 N. Amaral et 
al. (2016) evaluated the cultivation of common bean 
under different straw mulching – corn (Zea mays L., 
corn + Urochloa ruziziensis (R.Germ. & C.M.Evrard) 
Morrone & Zuloaga, and U. ruziziensis – and found 
increases in grain yield with the application of up to 
136 kg ha-1 N.
The supply of N to common bean can be 
supplemented by foliar application, and the main 
source used for this purpose is urea (Almeida et al., 
2000; Soratto et al., 2011). According to Soratto et al. 
(2013), the time of greatest requirement/uptake of N 
by common bean occurs between the end of the R5 
stage and the beginning of the R7 stage. Therefore, the 
supply of N in the reproductive stages of the common 
bean crop can increase grain yield and protein content. 
Soratto et al. (2011), using a solution with 10% urea 
(i.e., 4.5% N), observed that foliar N application in the 
R5 (pre-flowering) or R5 + R7 (pod formation) stages 
increased the grain weight and grain and protein yields 
of the common bean crop, but only without topdressing 
N fertilization. However, foliar-applied N can damage 
the leaves of the common bean plant depending on the 
urea concentration in the solution and on the time of 
application (Almeida et al., 2000).
In addition to the conventional sources, there are 
slow- or controlled-release N fertilizers on the market. 
Among these, Coron stands out as a foliar fertilizer 
that contains slow-release urea-formaldehyde (or 
urea-polymethylene) and a portion of fast-release N. 
According to Roberts et al. (2006), Coron has low 
phytotoxicity and its chemical composition allows it to 
remain in a liquid state on the leaf surface for a longer 
period of time than conventional fertilizers, such as 
urea, leading to a greater N uptake by the leaves. In 
cotton (Gossypium hirsutum L.), Roberts et al. (2006) 
reported that the foliar application of the product Coron, 
together with the reduction of soil N fertilization, 
resulted in a higher lint yield and economic return 
than the application of only foliar urea. It should be 
noted that, although foliar N application is a practice 
routinely adopted by producers, studies on it are scarce, 
and there are no known researches on the effect of the 
slow-release source Coron on the common bean crop.
The objective of this work was to evaluate the effect 
of applying N sources to leaves and N rates to the soil 
on the growth, N uptake, and grain and crude protein 
yields of the common bean crop.
Materials and Methods
Three field experiments – two under irrigated 
conditions and one rainfed – were conducted during the 
2012/2013 crop year, in the municipality of Botucatu, 
in the state of São Paulo, Brazil (22°51'S, 48°26'W, at 
an altitude of 740 m). The first (irrigated 2012) was 
carried out in the rainy season, and the second (rainfed 
2013) and third (irrigated 2013) in the dry season, but 
in different areas with different cropping histories and 
crop rotations. The climatic data recorded during the 
experimental period are shown in Figure 1. According 
to Köppen’s classification, the predominant climate in 
the region is Cwa.
The soil of the areas used for the experiments irrigated 
2012 and irrigated 2013 was classified as a Nitossolo 
Vermelho distroférrico, i.e., a Typic Rodudalf, whereas 
the one for rainfed 2013 was classified as a Latossolo 
Vermelho distroférrico, i.e., a Typic Haplorthox (Santos 
et al., 2013). The experimental areas were managed in 
the no-tillage system; the experiments irrigated 2012 
and irrigated 2013 were conducted in succession to 
pearl millet [Pennisetum glaucum (L.) R.Br.] and 
rainfed 2013 in succession to U. ruziziensis. Before 
common bean was sown, soil samples were collected 
from the 0.0–0.20-m layer. In the area used for the 
experiment irrigated 2012, the soil had the following 
characteristics: 26 g dm-3 organic matter; pH (CaCl2) 
5.6; 50 mg dm-3 Presin; 4.7, 43, 21, and 31 mmolc dm-3 K, 
Ca, Mg, and H+Al, respectively; base saturation (BS) 
of 69%; and 240, 110, and 650 g kg-1 sand, silt, and 
clay, respectively. In the experiment rainfed 2013, the 
soil characteristics were as follows: 37 g dm-3 organic 
matter; pH (CaCl2) 4.4; 37 mg dm-3 Presin; 4.1, 26, 12, 
and 67 mmolc dm-3 K, Ca, Mg, and H+Al, respectively; 
BS of 39%; and 310, 93, and 597 g kg-1 sand, silt, and 
clay, respectively. In the area used for the experiment 
irrigated 2013, the characteristics of the soil were: 35 g 
dm-3 organic matter; pH (CaCl2) 5.3; 41 mg dm-3 Presin; 
4.7, 47, 24, and 37 mmolc dm-3 K, Ca, Mg, and H+Al, 
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respectively; BS of 67%; and 245, 112, and 643 g kg-1 
sand, silt, and clay, respectively.
In all experiments, the experimental design was a 
randomized complete block with four replicates. The 
treatments consisted of the application of: four N rates 
(0, 45, 90, and 180 kg ha-1 N) to the soil; and five N 
sources/rates – control, without foliar N application; 
2.5 kg ha-1 N as conventional urea (N-CU); 5.0 kg ha-1 
N-CU; 2.5 kg ha-1 N as slow-release urea-formaldehyde 
(N-SR); and 5.0 kg ha-1 N-SR – to leaves. The 
commercial product used for the supply of N-SR was 
Coron 25-0-0 plus 0.5% B (Helena Chemical Company, 
Collierville, TN, USA), a slow-release fertilizer based 
on a resinous urea-formaldehyde solution, with 25% 
N and 0.5% B (m/m); according to the manufacturer, 
6.25% of the N is slow release and 18.75% is immediate 
release. Each plot consisted of five 6-m long bean rows, 
0.45 m apart. For the evaluations, the three central 
rows were considered, and 0.5 m was excluded at the 
end of each row.
The plants present in the experimental areas were 
desiccated with 1.44 kg a.i. ha-1 of the herbicide 
glyphosate five days before common bean sowing. 
The common bean cultivar Pérola was mechanically 
sown on 8/20/2012 for the experiment irrigated 2012, 
on 2/14/2013 for rainfed 2013, and on 2/21/2013 for 
irrigated 2013, with 13 seeds distributed per row 
meter. The seeds were treated with carboxin+thiram, 
thiamethoxam, and cobalt+molybdenum. For sowing 
fertilization of the experiment irrigated 2012, 13 kg ha-1 
N, 60 kg ha-1 P2O5, and 40 kg ha-1 K2O were applied, with 
urea, triple superphosphate, and potassium chloride 
as sources, respectively. In the experiments rainfed 
2013 and irrigated 2013, 180 kg ha-1 of the 8-28-16 
N-P2O5-K2O fertilizer were applied. In the experiment 
irrigated 2012, seedling emergence occurred nine 
days after sowing (DAS), whereas in rainfed 2013 and 
irrigated 2013 emergence occurred eight DAS.
Topdressing N fertilization (ammonium nitrate) 
was applied on 9/26/2012 for the experiment irrigated 
2012, on 3/9/2013 for rainfed 2013, and on 3/14/2013 
for irrigated 2013, when the common bean plants 
were in the V4 stage (three fully expanded trifoliate 
leaves). The applications of the foliar N treatments 
were completed in the R5 (pre-flowering) development 
stage, i.e., on 10/9/2012 for irrigated 2012, on 4/7/2013 
for rainfed 2013, and on 4/10/2013 for irrigated 2013, 
always in the early hours of the morning. Foliar N 
treatments were applied with Pulverizador Pesquisa 
(Herbicat, Catanduva, São Paulo, Brazil), a handheld 
CO2–pressurized sprayer equipped with four 
0.5-m-spaced nozzles that, together, were calibrated 
to deliver 200 L ha-1 solution. As the fertilizer Coron 
25-0-0 plus 0.5% B has B in its constitution, to equal 
the amount of this micronutrient in all treatments, the 
amount applied by boric acid spray was compensated.
During common bean growth, the phytosanitary 
management included the application of: 0.1 and 
0.45 kg a.i. ha-1 of the herbicides fluazifop-p-butyl and 
fomesafen, respectively; 0.05 and 0.45 kg a.i. ha-1 of the 
insecticides thiamethoxam+lambda-cyhalothrin and 
methamidophos; and 0.28, 0.05, and 0.4 + 1.0 kg a.i. ha-1 
of the fungicides phytin hydroxide, azoxystrobin, and 
Figure 1. Daily rainfall, maximum temperature, and 
minimum temperature recorded at the experimental area 
from August to November 2012 and from February to May 
2013.
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thiophanate-methyl+chlorothalonil. In the irrigated 
experiments, water was supplied by a conventional 
sprinkler irrigation system (complementation 
irrigation), with the application of 7 mm per irrigation, 
always during the first hours of the morning, according 
to the crop needs.
Common bean shoot dry matter (DM) was evaluated 
in eight plants collected in each plot in the R8 stage 
(pod filling). The plants were dried in a forced-air 
oven, at 65°C, for 72 hours and then weighed. The 
material used to determine shoot DM was also ground 
and used for the analysis of total N content (Malavolta 
et al., 1997). Subsequently, N contents were multiplied 
by DM and by the plant population in each plot to 
calculate the amount of N accumulated (kg ha-1).
Harvests were performed on 11/26/2012 for the 
experiment irrigated 2012, on 5/15/2013 for rainfed 
2013, and on 6/4/2013 for irrigated 2013. Yield 
components (number of pods per plant, number of 
grains per pod, and 100-grain weight) were assessed 
in eight plants per plot on the eve of harvest. The 
final plant population and grain yield (kg ha-1) were 
determined in two 3-m long rows per plot. The data 
for 100-grain weight and grain yield were corrected to 
13% humidity.
Grain samples were dried in a forced-air oven, 
at 65°C, for 72 hours and ground for the analysis of 
total N content (Malavolta et al., 1997). Crude protein 
content in the grains was obtained by multiplying 
the N content by 6.25, whereas crude protein yield 
(kg ha-1) was calculated by multiplying the value of 
crude protein content by the grain yield (in DM) of the 
corresponding plot.
The data were subjected to the analysis of variance. 
The means of the growing environments (experiments) 
and of the N treatments applied to leaves were 
compared by Tukey’s test, at 5% probability. The 
effects of topdressing N rates were evaluated by the 
regression analysis. The statistical software package 
used was Sisvar (Ferreira, 2011).
Results and Discussion
In general, the growing environment (experiment) 
greatly influenced the agronomic characteristics of 
the common bean crop (Tables 1 and 2). However, 
there was no significant interaction between growing 
environment and foliar N application or between foliar 
N application and soil (topdressing) N rate for any 
variable.
The soil and foliar applications of N did not 
influence the final plant population (Table 1). Smaller 
plant populations were obtained in the experiments 
rainfed 2013 and irrigated 2013, compared with 
irrigated 2012. Since the number of seeds used in all 
experiments was the same, these results may be due 
to the lower germination and vigor of the seeds or to 
growth conditions, including soil texture and organic 
matter content, water availability, quantity and type 
of straw mulching on soil surface, and plantability. 
According to Souza et al. (2002), populations of 
120,000–300,000 plants per hectare do not alter the 
grain yield of the common bean crop. This would be 
attributed to the compensatory capacity of the primary 
yield components of common bean, especially in 
cultivars with indeterminate growth habit (type II/III), 
such as Pérola, resulting in equivalent grain yields for 
different plant populations (Arf et al., 2011).
There was a significant interaction between growing 
environment and topdressing N rate regarding 
shoot DM accumulation (Table 1). In general, in 
the experiments irrigated 2012 and irrigated 2013, 
common bean accumulated higher amounts of shoot 
DM (Figure 2 A), corresponding to 5,464 and 4,886 kg 
ha-1, respectively, which were, on average, 45% higher 
than the shoot DM accumulation in rainfed 2013 
(Table 1). The greater plant growth in the irrigated 
experiments was due to soil fertility, particularly 
the higher availability of P, Ca, and Mg, and to an 
adequate water supply. In the experiment rainfed 
2013, only topdressing N fertilization increased the 
amount of shoot DM accumulated by common bean 
up to the estimated rate of 127 kg ha-1 (Figure 2 A). 
According to Carvalho et al. (2016), under water 
deficit conditions, especially in the vegetative stages, 
common bean growth is reduced. The periods without 
rain at the beginning and end of March and at the 
end of April (Figure 1) may have led to lower DM 
production per plant in the experiment rainfed 2013, 
even though the plant population was lower than that 
of irrigated 2012 (Table 1). It should be pointed out that 
greater N availability allows a greater adaptation of the 
common bean plant to water deficit stress, minimizing 
its effect (Rashidi et al., 2015), which may justify the 
higher accumulation of DM in response to topdressing 
N rates in rainfed 2013 (Figure 2 A). However, foliar N 
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application did not interfere with the accumulation of 
plant DM (Table 1).
The lowest shoot N content was observed in the 
irrigated experiments, i.e., in those that produced 
higher amounts of shoot DM (Table 1), which may be 
attributed to a dilution effect. According to Lemaire et 
al. (2008), the dilution effect of N in plants may be due to 
the increase in the amount of shoot DM accumulation. 
Regardless of the growing environment, topdressing N 
fertilization linearly increased N content in the shoot 
of the common bean crop (Figure 2 B). Although the N 
content of the plants grown in the experiment rainfed 
2013 was higher than that of those in the irrigated 
experiments, the amount of N accumulated was 
lower, probably because of the lower amount of shoot 
DM produced under this growth condition (Table 1). 
Topdressing N fertilization linearly increased the 
amount of N accumulated in the shoot of the common 
bean crop (Figures 2 B and C). Souza et al. (2011), 
Perez et al. (2013), and Maia et al. (2017) also found a 
positive relationship between the amount of N in the 
common bean shoot and the application of increasing 
topdressing N rates, which they associated with a 
greater shoot DM accumulation. In the present study, 
foliar N application did not interfere with N content 
and accumulation in the shoot of common bean in the 
R8 stage (Table 1).
The experiment rainfed 2013 resulted in the lowest 
number of pods per plant, number of grains per pod, 
and 100-grain weight (Table 2), which is probably 
related to the lower availability of P, Ca, and Mg in 
the soil and to the lower water availability (Figure 1), 
limiting plant growth (Table 1). The number of pods 
per plant linearly increased due to topdressing N 
fertilization (Figure 3 A). It should be highlighted 
that foliar N application did not significantly affect 
any yield component (Table 2), whereas topdressing 
N fertilization had no significant effect on the number 
of grains per pod and 100-grain weight. The number 
of pods per plant is usually the yield component of 
the common bean crop most affected by N nutrition; 
therefore, when the plant presents deficiency of this 
nutrient, it produces fewer lateral branches and, 
consequently, fewer flowers and pods (Kaneko et al., 
2010; Soratto et al., 2011, 2014, 2017).
Common bean grain yield was affected by the 
growing environment × topdressing N fertilization 
interaction (Table 2). The highest grain yield was 
obtained in the experiment irrigated 2012 (Table 2), 
possibly due to the highest plant population and number 
of pods per plant (Tables 1 and 2). Linear increases 
Table 1. Final plant population, dry matter (DM), nitrogen content, and amount of N accumulated in the shoot in the R8 stage 
(pod filling) of the common bean crop (Phaseolus vulgaris) due to foliar N application, in three experiments (environments)(1).
Treatment(2) Plant population
(plants per hectare)
Shoot DM
(grams per plant)
N content in  
shoot DM (g kg-1)
N accumulated  
in shoot (kg ha-1)
Environment (E)
Irrigated 2012 223,940a 24.4b 23.6b 129.7a
Rainfed 2013 177,083b 16.0c 26.1a 74.5c
Irrigated 2013 161,819c 30.2a 23.8b 115.6b
Foliar N (NF)
Control 187,700a 22.6a 24.8a 105.2a
2.5 kg ha-1 N-CU 191,929a 22.8a 24.3a 104.6a
5.0 kg ha-1 N-CU 187,762a 24.4a 23.8a 106.3a
2.5 kg ha-1 N-SR 185,494a 23.7a 25.2a 109.9a
5.0 kg ha-1 N-SR 185,185a 24.1a 24.4a 107.0a
E × NF ns ns ns ns
E × N soil (NS) ns * ns ns
NF × NS ns ns ns ns
E × NF × NS ns ns ns ns
Coefficient of variation (%) 11.5 16.9 13.8 27.5
(1)Means followed by equal letters, in the columns within each factor (experiment/environment and foliar N), do not differ by Tukey’s test, at 5% probabi-
lity. (2)N-CU, nitrogen as conventional urea; N-SR, nitrogen as slow-release fertilizer based on urea-formaldehyde solution (Coron 25-0-0 plus 0.5% B). 
*Significant by the F-test, at 5% probability. nsNonsignificant.
1334 T.E. Kotz-Gurgacz et al.
Pesq. agropec. bras., Brasília, v.53, n.12, p.1329-1337, Dez. 2018 
DOI: 10.1590/S0100-204X2018001200005 
were observed in common bean grain yield due to 
topdressing N fertilization in the experiments irrigated 
2012 and rainfed 2013, but were more significant in 
rainfed 2013, which showed a 41% (730 kg ha-1) increase 
(Figure 3 B). In the experiment irrigated 2013, grain 
yield was increased by topdressing N fertilization 
up to the estimated rate of 124 kg ha-1. Crusciol et 
al. (2007), Kaneko et al. (2010), Soratto et al. (2014), 
Amaral et al. (2016), and Soratto et al. (2017) also 
reported increases in the grain yield of common bean 
due to soil-applied N fertilization, which was related 
to the expressive effect of this nutrient on plant growth 
and fruiting. The foliar application of 5.0 kg ha-1 N-SR 
resulted in the highest grain yield, with an increase of 
395 kg ha-1 (15.7%) compared with the control and of 
253 kg ha-1 (9.5%) with the treatment with 2.5 kg ha-1 
N-CU. Although not significant, the small increases 
in the yield components number of pods per plant, 
number of grains per pod, and 100-grain weight led to 
this result. Soratto et al. (2011) also found an increase 
in common bean grain yield due to foliar N application 
during the reproductive stages of the crop, but only in 
the absence of topdressing N fertilization. Roberts et 
al. (2006) verified a higher cotton lint yield with the 
application of 0.95 kg ha-1 N-SR (Coron), compared 
with 11.2 kg ha-1 N-CU. These results may be related to 
the characteristics of the N-SR source, which presents 
lower salinity, lower phytotoxicity, and allows higher 
N uptake by plants (Roberts et al., 2006).
Crude protein content in the grains was influenced by 
growing environment and topdressing N fertilization 
(Table 2 and Figure 3 C). Higher protein contents were 
observed in the experiments rainfed 2013 and irrigated 
2013, i.e., those with a lower grain yield. However, the 
highest protein yield was found in irrigated 2012 due 
to the higher grain yield produced in this experiment 
(Table 2). Regardless of the growing environment and 
foliar N application, topdressing N fertilization linearly 
increased protein content and yield (Figures 3 C and 
D). The foliar application of 2.5 or 5.0 kg ha-1 N-SR 
resulted in the highest protein yields, differing from 
the control, regardless of the growing environment and 
topdressing N fertilization. Soratto et al. (2011) found 
that foliar N application in the R5 + R7 stages increased 
the crude protein content and yield of the common bean 
crop only in the absence of topdressed N fertilization. 
However, in the present study, there was no interaction 
between these factors, i.e., it was possible to increase 
Figure 2. Dry matter (A), N content (B), and amount of N 
accumulated (C) in the shoot of common bean (Phaseolus 
vulgaris) crop in function of topdressing N rates, on 
average of five foliar-applied N treatments. Black triangles 
represent average of three experiments (environments). * 
and **Significant by the t-test, at 5 and 1 % probability, 
respectively. Vertical bars indicate the least significant 
difference to separate experiments in a same topdressing N 
rate by Tukey’s test, at 5% probability.
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Table 2. Number of pods per plant, number of grains per pod, 100-grain weight, grain yield, crude protein content in grains, and 
protein yield of the common bean (Phaseolus vulgaris) crop due to foliar N application, in three experiments (environments)(1).
Treatment(2) Pods per 
plant
Grains per 
pod
100-grain 
weight (g)
Grain yield
(kg ha-1)
Protein content in 
grains (g kg-1)
Protein yield
(kg ha-1)
Environment (E)
Irrigated 2012 13.8a 4.9a 26.4a 3,342a 191.4b 556a
Rainfed 2013 12.4b 4.3b 24.6b 2,169c 223.8a 424c
Irrigated 2013  13.4ab 4.9a 26.4a 2,699b 225.1a 527b
Foliar N (NF)
Control 12.5a 4.6a 25.6a 2,525c 211.9a 462b
2.5 kg ha-1 N-CU 12.8a 4.7a 25.7a   2,667bc 215.1a 493ab
5.0 kg ha-1 N-CU 13.2a 4.7a 25.9a   2,747ab 214.8a 503ab
2.5 kg ha-1 N-SR 13.7a 4.7a 25.8a   2,824ab 213.0a 520a
5.0 kg ha-1 N-SR 13.8a 4.8a 26.2a 2,919a 212.4a 534a
E × NF ns ns ns ns ns ns
E × N soil (NS) ns ns ns * ns ns
NF × NS ns ns ns ns ns ns
E × NF × NS ns ns ns ns ns ns
Coefficient of variation (%) 21.7 7.6 4.6 13.8 8.1 15.1
(1)Means followed by equal letters, in the columns within each factor (experiment/environment and foliar N), do not differ by Tukey’s test, at 5% proba-
bility. (2)N-CU, nitrogen as conventional urea; N-SR, nitrogen as slow-release fertilizer based on urea-formaldehyde solution (Coron 25-0-0 plus 0.5% B) 
*Significant by the F-test, at 5% probability. nsNonsignificant.
Figure 3. Number of pods per plant (A), grain yield (B), crude protein content in grains (C), and protein yield (D) of 
common bean (Phaseolus vulgaris) crop in function of topdressing N rates, on average of five foliar-applied N treatments. 
Black triangles represent average of three experiments (environments). * and **Significant by the t-test, at 5 and 1 % 
probability, respectively. Vertical bars indicate the least significant difference to separate experiments in a same topdressing 
N rate by Tukey’s test, at 5% probability.
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the protein yield of the common bean crop with the 
foliar application of N-SR (Coron 25-0-0 plus 0.5% B), 
regardless of the topdressing N rate (Table 2).
Conclusions
1. Topdressing N fertilization, at a rate between 
124 and 180 kg ha-1, increases shoot N content and 
accumulation, number of pods per plant, grain yield, 
and protein content and yield of the common bean 
(Phaseolus vulgaris) crop.
2. Regardless of the growing environment and 
topdressing N fertilization, foliar N application, 
via conventional urea and using the highest rate, 
increases common bean grain yield, whereas the foliar 
application of N as slow-release urea-formaldehyde 
increases grain and protein yields.
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